Cocoons were transferred individually to microcentrifuge tubes with a small droplet of 172 honey. Emerging wasps were sexed and then frozen at -30°C for analyses of ploidy (see 173 below). Mating and oviposition were done at 23±1°C, 30-50% r.h. and 16L:8D in a 174
climate-controlled room, and larval development was followed at 25±1°C, 30-50% r.h. 175
and 16L:8D in a growth-chamber in the quarantine facility at the University of 176
Minnesota. Data recorded in each generation were: proportion of hosts that developed 177 into C. vestalis cocoons or diamondback moth pupae, proportion of hosts that died, and 178 secondary sex ratio (proportion males). 179
180
Flow cytometry: Ploidy of male offspring of replicates that produced at least one female 181 was identified with flow cytometry following methods described by de Boer et al. (DE 182 BOER et al. 2007b ). In short, the head of an individual wasp was pulverized in Galbraith 183 buffer (GALBRAITH et al. 1983) We first modeled the frequencies of each type of gamete produced by each of the 28 210 female genotypes. Parental gametes (no cross-over) are produced at rate (1-a)*(1-b)/2, 211 gametes in which a single cross-over occurred between locus 1 and 2 at rate a*(1-b)/2, 212 gametes in which a single cross-over occurred between locus 2 and 3 at rate b*(1-a)/2, 213 and gametes in which a double cross-over occurred at rate a*b/2. Diploid males do not 214 produce any gametes because they were not used in the experiment. No recombination 215 occurs in haploid males. 216
217
Each female can potentially be paired with each of the 8 haploid male genotypes. The 218 frequency at which each haploid male genotype occurs depends on their mother's 219 genotype and is equal to the frequency of gametes she produces. There are thus 28 220 possible sets of haploid males, with different frequencies of genotypes for each set. Using 221 these sets of haploid males, we modeled the frequencies of diploid genotypes (36) 222 produced by each combination of female genotype (28) and a set of haploid males 223 produced by a certain mother (28). In our inbreeding experiment, the first generation was 224 a mother-son mating, so in the model, females were only paired with the set of haploid 225 males produced by their own genotype. In subsequent generations of the experiment, 226 females were crossed with their brothers, so in the model they were allowed to mate with 227 the set of males produced by their mother's genotype (irrespective of which genotype 228 their own father was). Per generation, we calculated the proportion of DM among all 229 diploid genotypes, and the sums of relative frequencies of each female genotype per 230 mother's genotype, irrespective of the father's genotype. These frequencies were used as 231 starting frequencies of mother-father combinations in the next generation. The model was 232 written in R (R-DEVELOPMENT-CORE-TEAM 2007), and is available from the authors 233 upon request. 234 235 Assumptions in the model are that DM survival is equal to that of females, and that iso-236 female lines were started with a female that was heterozygous at each sex locus. The 237 latter assumption can be varied in our model and affects the level of DM production 238 (FIGURE 2 shows the results for varying proportions of females being heterozygous at 1, 239 2, or 3 sex loci). To predict sex ratio under each CSD model for the sib-mating 240 generations, the proportion males was calculated as (1 -f + f*dmp), where dmp is the 241 proportion of DM among the diploid offspring, and f is the proportion of eggs that is 242 fertilized. We used the average fertilization rate across all generations in our experiment 243 (0.57). 244
245
Statistical analyses: Statistical analyses were done on replicates with at least seven 246 diploid offspring (DM + females) because when a mother produces fewer than seven 247 diploid offspring we can not accurately estimate the proportion of diploid males (Table  248 1). 249
250
We compared our data on DM production by C. vestalis to the predictions of sl-CSD and 251 ml-CSD with two independent loci using a likelihood ratio test. Under sl-CSD, the 252 probability of producing DM is constant for all replicates over all generations of 253 inbreeding because we started our experiment with a mother-son mating. Therefore, for 254 each replicate, the distribution of the number of DM (x) is binomial with probability p, 255
and n equal to the number of offspring for that replicate, 256
257
Under 2-locus CSD, the distribution of the number of DM (x) for a particular replicate is 258 a mixture of three binomial distributions, with probabilities p j (j=1,2,3), where the mixing 259 parameters kj depend on the generation k following from our model (see FIGURES 1 and 260 3B), 261
262
We compared the two models using a likelihood ratio test (BERRY and LINDGREN 1996) , 263
where the null-hypothesis was that sl-CSD is true and the alternative hypothesis was that 264 2-locus CSD is true. The negative log likelihood ratio, 265
266
where N is the total number of replicates over all generations, was computed using the 267 observed data. The significance of this ratio was obtained by comparing it to the 268 distribution of the negative log likelihood ratio assuming the null hypothesis was correct. 269
This distribution was estimated using R (R-DEVELOPMENT-CORE-TEAM 2007) to simulate 270 1000 data sets from sl-CSD and computing the negative log likelihood ratio for each. 271
Simulated data sets were equal to the observed data set in terms of the number of 272 replicates in each generation and the number of offspring per replicate. 273
274
We supplemented this analysis with a number of other tests of ml-CSD predictions. First, 275
we tested for effects of the inbreeding level over the 7 generations of brother-sister 276 crosses on the following parameters using linear regression: the number of diploid males, 277 the number of females and the number of haploid males. The prediction from these 278 analyses for ml-CSD is that the number of diploid males produced increases with 279 inbreeding, females decrease and haploid males are unaffected by inbreeding. As a 280 related test that corrects for family size, we analyzed the effect of inbreeding level on the 281 ratio between DM and females using logistic regression (under ml-CSD, this ratio should 282 increase). To assess whether variation in this ratio could be caused by developmental 283 mortality of DM or females or general developmental mortality, we determined Pearson's 284 correlation coefficient for the ratio of DM to females and (1) total number of DM and 285 females, and (2) proportion of dead hosts. We also analyzed the effect of inbreeding on 286 the fertilization rate ([diploid males + females]/all adults) using logistic regression (no 287 effect is expected under ml-CSD). followed by seven generations of sib-mating) to disentangle the effects of (1) the number 312 of sex loci, and (2) diploid male survivorship. When proportions of DM are low after one 313 or a few generations of inbreeding, this may reflect sl-CSD with low DM survivorship or 314 ml-CSD with high DM survivorship. Continued inbreeding is thus needed to distinguish 315 between these two scenarios: under the first scenario, proportions of DM should remain 316 low, while under the second they should increase, assuming that inbreeding has no effect 317 on developmental survivorship itself (see below). Mother-son matings reduce the 318 potential number of alleles per putative sex locus to two. Therefore, under sl-CSD, 50% 319 of fertilized eggs will result in diploid males in every subsequent sibling generation but 320 under ml-CSD, the proportion of DM will increase gradually with inbreeding (COOK 321 1993a; HEIMPEL and DE BOER 2008). Our results show that DM production increased 322 with inbreeding level (FIGURE 3A), a phenotypic pattern that is consistent with the 323 predictions of ml-CSD. We used a likelihood ratio test to statistically compare how well 324 the predictions of sl-CSD and 2 locus-CSD fit our data. In this analysis, the sl-CSD 325 scenario was designated as the null-model and the 2-locus case as the alternative model. 326
The null-model was rejected, indicating that the 2-locus CSD model fits our data 327 significantly better than does the sl-CSD model (observed negative log likelihood ratio of 328 Based on the ratio of DM to females in sibling generations 3 through 7, where DM to 386 female ratio was quite stable and more than 90% of replicates produced at least one 387 diploid male (FIGURE 3 and Table 1 Step 1 is an outcross between a female from one population and a haploid male from the other population. Within each population, one or more sex loci may be fixed for a single allele but assuming the populations carry different alleles at the same sex locus, all resulting diploid offspring will be heterozygous. In step 2, females from the outcross first produce haploid sons as virgins (A), and are then mated to one of their own sons (B), which reduces the number of possible alleles per sex locus to two. A mother and her own son always share an allele at each sex locus and, under 2-locus CSD, result in 25% of the fertilized offspring developing as DM. In step 3, full-sib matings are established between the haploid males and diploid females resulting from step 2B. In this example of 2-locus CSD, three different types of sibling matings can occur after a mother-son mating. In type A, one of the female's sex loci is fixed and her mate shares a sex allele at only one of the sex loci, which leads to all fertilized offspring being female. When the female is heterozygous for both loci and her mate shares sex alleles at each of these loci (type B), 25% of the fertilized offspring becomes DM. In type C, the female is heterozygous for one locus and her mate shares sex alleles at both loci, resulting in 50% of the fertilized offspring developing as DM. Type C matings represent a 2-locus CSD system that has collapsed to sl-CSD. Continued sib-mating in subsequent generations leads to an increasing fraction of type C matings, and thus the ml-CSD system collapsing to functional sl-CSD. FIGURE 2. Effect of female genotypes at the beginning of an inbreeding experiment (mother-son mating followed by sib-matings) on the predicted proportions of diploid males among fertilized offspring under CSD with three independent loci. All females are heterozygous at all three sex loci (lower solid line), which is the assumption made in our other predictions, or various fractions of the females used to start experiments are heterozygous at one or two of the three sex loci and homozygous at their other locus or loci (females must always be heterozygous at least at one locus because homozygosity at all three loci results in diploid male development). When 100 % of females are heterozygous only at one of three sex loci, predictions are identical to those under sl-CSD (upper, bold, solid line). 
